Introduction
Neotropical forests have a large fraction of the planet's biological diversity and comprise the most threatened biomes due to the conversion of areas with native vegetation to pasture and agricultural use (Scarano and Ceotto, 2015) . From the environmental point of view, pastures are rarely sustainable for a long time, since their intensive use leads to environment degradation and, subsequently, to the abandonment of those areas (Dirzo and Raven, 2003) . Among the main causes of pasture degradation is soil compaction which, due to the intense animal trampling, changes the physical and chemical properties of the soil, besides restricting water infiltration and the development of plant root systems (Albuquerque et al., 2001) .
In degraded pastures, the natural regeneration process is influenced by the use and degradation history of the site and by the vegetative matrix inserted in the surroundings, being more active in places close to the forest fragments that provide propagules to the degraded area (Rodrigues and Gandolfi, 2007; Martins, 2013) . In addition, the monitoring of such regenerating areas can provide relevant information regarding the species being initially established, and may serve as a basis for the selection of potential species to be used in restoration projects in different environments ; Daronco et al., 2013; Marcuzzo et al., 2014) , since the collection of matrix seeds in the surroundings of the area where the restoration will be carried out can increase the probability of reforestation success, in terms of survival and growing (Sebben, 2006) , as well as guarantee the local genetic of plants and allow greater ecological adaptation plasticity to the local conditions (Palma and Laurence, 2015) .
The pastures located inside the Conservation Units are considered excellent sites for the development of researches that evaluate aspects related to ecological succession, since in most cases these areas have a contingent of forest matrix in their surroundings and are propitious for the establishment of forest coverage. In this sense, the Serra do Itajaí National Park (PNSI) is an Integral Protection Conservation Unit created by decree on June 4, 2004 . The PNSI has a total area of 57,374 ha, covers nine municipalities and conserves a significant portion of the Atlantic Forest in Santa Catarina state (ICMBIO, 2009), currently reduced by only 11.7% of its original coverage (Rezende et al., 2015) . Several areas within the Serra do Itajaí National Park have been severely degraded by agriculture and cattle ranching due to intensive land use since 1953, making a total of 1,453 hectares.
In this sense, considering the importance of vegetation studies in the orientation of ecological restoration projects, the present work aimed to analyze the variations in vegetation composition and structure in two successional phases to subsidize the indication of tree species for new reforestation and enrichness of abandoned pastures in Serra do Itajaí National Park, Santa Catarina, Southern Brazil.
Materials and methods

Study area
Asd Serra do Itajaí National Park (PNSI) has a total area of 57,374 ha, which ranges from 60 to 1,039 m high and is located in the Itajaí river basin, Santa Catarina state, Southern Brazil (Fig. 1) . This Conservation Unit covers nine municipalities (Ascurra, Apiúna, Blumenau, Botuverá, Gaspar, Guabiruba, Indaial, Presidente Nereu and Vidal Ramos) and is located between 27º00 'and 27º17' S and 49º01 'and 49º21' W. This work was developed in the area of Faxinal do Bepe, located inside the PNSI, at an altitude of about 400 to 800 meters and surrounded by vegetation belonging to the Montana Ombrophilous Dense Forest (ICMBIO, 2009).
The climate of the study area, according to Köppen's classification, is Cfb -moist mesothermal climate with mild summer (Alvares et al., 2013) . The annual temperature average varies between 16 and 20 ° C, the annual relative humidity average ranges between 82 and 84% and the total annual precipitation is between 1,500 and 1,700 mm, well distributed over the year (Pandolfo et al., 2002) .
The geology of the region is formed by the Itajaí Group, composed of metaconglomerate rocks, and by the Tabuleiro Complex, composed of granite-gneiss rocks (Aumond et al., 2014) . In the study area, an association among six types of soil predominates: in corrugated land, the Yellow-Red Ultisol and Haplic Cambisol types, in strong undulating and mountainous soils, the Litholic Neosol and Rogosols kinds and, in flat areas characterized by alluvial plains, the Fluvic Neosol and Haplic Gleisol soil types (Santos et al., 2013) .
The type of vegetation in the study area is constituted by the Montana Ombrophilous Dense Forest (IBGE, 2012) belonging to the Atlantic Forest domain. On the historical use of natural resources, between the years 1953 and 2004 much of the study area of forests was subjected to selective cutting, in addition to being harvested to make room for extensive areas of pasture and agriculture. Currently, the remaining vegetation is in early, middle and advanced stages of regeneration (Schorn and Maçaneiro, 2014) . 
Data collection and analysis
For the vegetation sampling, the plots method (Moro and Martins, 2011) was used, in order to contemplate two distinct successional phases. In total, 40 plots of 10 x 20 m (200 m²), totaling 8,000 m² of sample area, were distributed as follows: initial regeneration phase = 20 plots, and intermediate regeneration phase = 20 plots, respectively (Fig. 2) . In order to proceed to the survey of the regenerating stratum, all trees and shrubs with diameter at breast height (DBH) ≥ 3,0 cm were sampled. Two subplots of 1 x 1 m (1 m²) were inserted into each part of the regenerating stratum, for the herbaceous stratum, characterized by plants with height greater than or equal to 20 cm and DBH <3,0 cm.
The collected botanical material was deposited in the Herbarium Dr. Roberto Miguel Klein, from the Regional University of Blumenau (FURB), identified by comparison with other exsicatas, the digital photographs were published at Flora Digital (http://ufrgs.br/floradigital) and Herbário Virtual (http://reflora.jbrj.gov.br/) websites and also sent to FURB specialists. The classification system used was the Angiosperm Phylogeny Group IV (APG IV, 2016).
The richness of species in the successional stages was compared by means of rarefaction curves using the Mao Tau method (Colwell et al., 2011 To describe the vegetation structure, the classical phytosociological parameters, i.e., density, dominance absolute and relative frequencies species were calculated for each successional phase (Moro and Martins, 2011) . Then the species were classified per ecological group, adopting Swaine and Whitmore's (1988) methodology adapted by Oliveira-Filho (1994), in the following categories: pioneer (P), light demanding climax (CL) and shadow tolerant climax (CS).
The influence of the vegetation quantitative variables in the plots was analyzed through Principal Component Analysis -PCA (Legendre and Legendre, 2012) . In order to identify and remove the collinear quantitative variables, a preliminary PCA was performed in PC-ORD 6.0 (McCune and Mefford, 2011), following Eisenlohr's (2014) recommendations. After this procedure, the quantitative variables that remained in the analysis were: regenerating stratum -multiple stems, number of trees, tree species, tree height, DBH (diameter at breast height) and basal area -and herbaceous stratum -herb species and herb height. Then, a new PCA was processed in order to synthesize the quantitative variables of the plots into ordering axes. This PCA will hereafter be referred to as the 'final PCA'. The significance of the ordering axes was verified by means of 999 Monte Carlo permutations (Legendre and Legendre, 2012) .
In order to detect potential tree species for new plantings on abandoned pastures of the PNSI, the indicator species analysis was used and the indicator values for each http://www.aloki.hu • species were obtained using Dufrene and Legendre's (1997) method. In this analysis, the basal area of the species in the successional phases was used, since after processing the final PCA, it was verified that the basal area was the structural variable more correlated with the vegetation data.
Results and discussion
Species richness increased as the succession progressed (Fig. 3) . In the early-stage, the richness was estimated in ten species, considering the standardization of 166 individuals in the sample, while the intermediate stage presented 15 species. Although individuals do not approach the stabilization of rarefaction curves within each analyzed succession stage, there was a considerable increase in the number of species in accordance with the advance in the forest succession process. The increase of species richness as a function of succession time has already been verified by other studies (Schorn, 2016), in which the richness of tree species increases as the structural complexity of forests becomes higher and is related to longer ecological succession process. However, additional factors such as the availability of propagules close to the studied area also influence natural regeneration and, consequently, species richness (Martins, 2013) . In the present study, differences in the time of regeneration increase the vegetation floristic-structural complexity and create conditions for changes in the composition and abundance of species, as well as for the presence of a forest structure in full recovery in the environment. tree height, tree species and herb species, and with axis 2, they were multiple stems and herb heights (Fig. 4) . These axes discriminated a strong structural gradient among the analyzed variables and segregated two groups of plots: the first one constituted by the vegetation in the initial stage of regeneration, whose quantitative variables are not very expressive, and the second one constituted by the vegetation in the intermediate stage of regeneration, in which quantitative variables are quite expressive. The results show that the structural variables of the vegetation vary according to the successional stage. Thus, these environments must be treated differently. The differences among the analyzed successional phases are mainly related to the basal area, DBH, number of trees, tree heights and multiple stems of tree species, as well as herb species for herbaceous species, which were the main structural variables that segregated the analyzed plots. In subtropical forests, studies have shown that the progression of the succession process reflects changes in vegetation coverage, with a considerable increase in its structural complexity and species richness (Garcia et al., 2016) . Some structural variables (eg, basal area, DBH, number of trees and tree heights) are more expressive in intermediate and advanced forests stages, which demonstrates their greater development and longer succession. On the other hand, in early-stage the physiognomy of vegetation is generally more open and with arboreal individuals distributed sparsely or in spots. Under these conditions, structural variables such as multiple stems and herb heights are also important descriptors of vegetation structure. For example, early-stage forests present intense solar radiation on the soil, which contributes considerably to the growth of herbaceous plants (Reznick et al., 2002; Blute, 2016) and to the maintenance of grasses, until the closure of tree crowns is able to interfere substantially in the incident radiation, since in these areas the trees tend to emit a greater number of lateral branches due to the greater availability of space for capturing solar radiation and for foliar production (Hallé, 2010) . In addition, so that these analyzed variables are actually expressed in the restoration process community, it is of fundamental importance that the species are representative of the local population, which, according to Brancalion et al. (2009) , avoids future problems in the establishment of seedlings and the ecological expression of the species with the plant community.
In this way, the analyzed parameters, besides providing a structural information framework of the fragments, also provide references on the ecological characteristics, such as the initial structuring of a population, covering the area with arboreal and herbaceous individuals, and a later intermediate physiognomy with greater intensity and complexity, favoring the coverage (crown density and dominance), giving rise to new fauna attracting sites. This directional complexity of plant succession allows us to predict the possible inferences necessary to support the restoration trajectory, such as the need to increase species density and richness from early to advanced stage, as well as to enrich degraded areas that need specific functional groups to boost fragile natural regeneration.
The Table 2) .
In relation to the most important species, Vernonanthura discolor, Piptocarpha regnellii and Myrsine coriacea are heliophilous pioneers typical of open environments or forest edges, being able to form dense populations clusters in newly abandoned pastures and in the process of natural regeneration (Klein, 1980; Schorn and Maçaneiro, 2014) . In general, in the subtropical forests of southern Brazil, the greatest number of pioneer species is found predominantly in young forests, characterized by early-stage vegetation (Schorn and Galvão, 2009 For the initial stage, the species that presented the highest values of importance are promising for the use in restoration plantations, such as the enrichness of recently abandoned pastures in the phytoecological unit Montana Ombrophilous Dense Forest, since they are common in these environments because they are more adapted to open areas or forest edges. Regarding the density of tree species per hectare, it is recommended to respect the approximate number of individuals sampled in the areas undergoing initial regeneration. As an example, in this study the value was 418 individuals per hectare ( Table 3) .
On the other hand, in areas with an intermediate stage, the vegetation is in an advanced process of succession, presenting greater floristic-structural complexity and more favorable environmental conditions for the entry of new demanding species (Klein, 1980; Schorn and Galvão, 2009 ). In these environments, it is recommended the enrichness planting, taking into account the species of the early and intermediate stages, following the proportion of the number of trees by species according to the difference between the density of individuals sampled in initial and intermediate stage areas. In the present study, there were approximately 602 individuals per hectare ( Table 3 ). In addition, it is recommended to use the indicator species detected in the present study ( Table 2) , since the local and typical environmental conditions of late successional stages are adapted. The recomposition of native species in degraded areas is a trivial activity. However, due to the great diversity of plant species, this function becomes delicate by several factors such as ecological, physiological and pedological specificities of each species or of the population as a whole. According to Meli et al. (2014) , the adequacy of species is fundamental to the restoration projects, since these must be adapted to the conditions and resources available in the environment. Still, according to it, more research is needed to select appropriate species to meet the specific ecological requirements of the ecosystems. The lack of deepening in this theme was reported by Palma and Laurence (2015) , analyzing 120 restoration works, noting that 30% of the experiments did not report the reason for the use of the selected species.
Another important factor in the restoration process and on the selection of species is the source and availability of seedlings and seeds. To Palma and Laurence (2015) , the selection of species is significantly limited and potentially undermined by the availability of propagules and seedlings. The authors also highlight, among the fundamental characteristics, the phenotypic functions and genotypic plasticity in plant selection, and the rustification of seedlings in nurseries, prior to planting. It is important to highlight that, in addition to the difficulties in distinguishing potential species to leverage restoration in Conservation Units, exist no less important factors such as bureaucratic and temporal obstacles. within a conservation unit (visitation, use of planting equipment, inputs to ensure plant development assistance, elimination of invasive alien species, etc.) must be properly licensed by the Brazilian environmental agencies, which does not necessarily occur in a rapid manner and consistent with the proposed restoration techniques. Conservation policies should encompass habitat variability, appropriately expand decision space, and support adaptation to local circumstances to increase ecological resilience in a rapidly changing world. A careful balance is needed between the development of conservation and management policies that assist in the conservation of endangered species, habitats and ecosystems, while maintaining and promoting the variability of natural systems (Hiers et al., 2016) . According to the same authors, this distance between reality and policies is leading to wasted resources, misguided efforts and potential failures in efforts to conserve and restore nature, which will only become more prevalent in the face of ongoing climate change.
Conclusion
From the phytosociological survey of a degraded area inserted in the PSNI it was possible to characterize the forest structure of fragments of a Montana Ombrophilous Dense Forest, as well as the indication of potential species to assist in the restoration process by means of future plantings and enrichment.
The distinction among successional stages was verified by the evaluated parameters, in which each environment was characterized by one or more factors, providing relevant information on necessary ecological conditions and groups for the restoration of abandoned pasture areas in the PNSI region and nearby the phytoecological unit.
Current political and bureaucratic issues related to conservation management in Brazilian Conservation Units may be poorly correlated with the ecological complexity of natural systems and the necessary conservation practices and techniques, preventing the objectives and goals of ecological restoration of degraded environments in Brazil, or making them temporarily unfeasible.
